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(54) Optochemical sensor and method for its construction 



(57) The present invention relates to a chemical 
sensor arrangement (1 ) comprising an analyte sensitive 
indicator wherein the analyte sensitive indicator com- 
prises at least one nanoparticle (5). Any radiation 
change due to a variation of nanoparticle optical prop- 
erties caused by the analyte to be detected is trans- 
ferred by optic fiber (20) through microscope (40) and 
UV-filter (50) to CCD-camera (30). A computer unit (60) 
analyses the detected signal. The invention further re- 



lates to a method for providing nanoparticles of defined 
and different sizes, especially for a chemical sensor ar- . 
rangement, wherein a nanoparticle solution, comprising 
nanoparticles of a broad size distribution, is applied to 
chromatography beads, whereby the nanoparticles are 
adsorbed onto said beads and classified by size, and 
beads of a specific layer, comprising nanoparticles of 
essentially the same size, are separated from the beads 
within other layers and are hold in suspension. 
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Description 

[0001] The present invention relates to a chemical 
sensor arrangement comprising an analyte sensitive in- 
dicator and further relates to a method for providing na- s 
noparticles of defined and different sizes, especially for 
a chemical sensor arrangement according to this inven- 
tion. 

[0002] Chemical sensors for both gases and liquid 
phase gain an increasing importance for the control of 10 
chemical processes and environmental issues, for med- 
ical purposes and the like. There is a wide variety of 
chemical sensors available on the market. The chemical 
sensor devices can be roughly separated as working on 
the basis of one of two major principles: the first is that is 
electrochemical characteristics are affected by the ad- 
sorption of the analyte onto or into a sensitive layer or 
by combustion of the analyte. According to the second 
principle, changes in the optical properties are induced 
by the presence of an analyte. Both changes can be 20 
measured by respective detectors. 
[0003] With respect to sensors working according to 
the second principle, where also the inventive sensor 
can be assigned to, sensor arrays are known, where the 
fluorescence and the optical absorption properties of or- 25 
ganic dyes are used for chemical sensing. Such a sen- 
sor is for example disclosed in a paper of John J. 
Lavigne et al. "Solution-Based Analysis of Multiple An- 
alytes by a Aensor Array: Toward the Development of 
an Electronic Tongue", in Journal of American Chemical 30 
Society 1998, 120, 6429 - 6430. The described sensor 
allows for the simultaneous identification of multiple an- 
alytes in solution. Poly-(ethylene glycol)-poly styrene 
(PEG-PS) resin beads are positioned in a 3x3 array of 
wells formed in a Si/SiN-wafer. Signal transduction is 35 
accomplished by analysis of the absorption properties 
of the beads using a CCD-camera, interfaced with the 
sensor array. The use of CCD-cameras and optical fib- 
ers in sensor arrangements is also explained in a paper 
of P. Pantano and David R. Walt "Analytical Applications *o 
of Optical Imaging Fibers" in Analytical Chemistry 1 995, 
481 A ff. 

[0004] But, the properties of the chemical sensors ac- 
cording to the state of art using organic dyes have nu- 
merous disadvantages: The number of selective indica- 45 
tor dyes for the reversible detection of analyte molecules 
or ions is limited. Therefore, a broadband application in 
sensor arrangement is not easily achievable. Further, 
the organic dyes do not show a stability desired for most 
chemical sensor arrangements. 50 
[0005] It is further known that fluorescence properties 
of a semiconductor bulk material can be changed and 
influenced by adsorbing chemicals at a surface. But, the 
utilisation of semiconductor bulk material as a chemical 
sensor only shows an insufficient change of optical 55 
properties upon exposure to an analyte to be detected. 
[0006] It is therefore an object of the present invention 
to provide a chemical sensor arrangement showing a 



clearly detectable change of the optical properties of an 
array of indicators with a very short response time, high 
sensitivity and a long term stability. 
[0007] This object is achieved by a chemical sensor 
arrangement according to claim 1 , according to which 
the analyte sensitive indicator comprises at least one 
nanoparticle. The claims 2 to 22 are related to preferred 
embodiment of the arrangement according to claim 1 . 
[0008] The sensor arrangement preferably also com- 
prises means for detecting optical properties of the in- 
dicator and changes thereof. It can also comprise 
means for detecting a current flow passing through the 
indicator, as the current flow may be affected by analyte 
absorption in case of electroluminescence. 
[0009] Preferably multiple nanoparticles forming a na- 
noparticle assembly and/or an array of nanoparticle as- 
semblies, is provided. The nanoparticles within one sin- 
gle assembly are normally of identical material, wherein 
preferably assemblies of different nanoparticle materi- 
als are provided. It should be noticed that it might be 
also possible that an array of only single nanoparticles 
can be provided 

[0010] Because of the huge surface-to-volume ratio 
of nanoparticles and the high porosity of nanoparticle 
assemblies, a large number of analyte molecules can 
be adsorbed by a nanoparticle and within a nanoparticle 
structure in a very short time. This leads to both a high 
sensitivity of the inventive chemical sensor comprising 
these nanoparticles as analyte-sensitive indicators as 
well as to a short response time. The sensor arrange- 
ment can well be applied in both the liquid and the gase 
phase. 

[0011] Multiple nanoparticles will increase the adsorp- 
tion ability of the sensor arrangement. An array of dif- 
ferent nanoparticle assemblies will enable a detection 
of a wide range of analytes by the same sensor arrange- 
ment. This is because every nanoparticle assembly of 
the array comprises different nanoparticles with differ- 
ent chemical selectivities/sensitivities. On the other 
hand, it should be noticed that in some cases it may not 
be necessary to use a full array of different nanoparticle 
assemblies, but instead to use one assembly of identical 
nanoparticles or even one single nanoparticle alone. 
Using only one particle assembly or one particle alone 
is especially useful, when the sensor is only accessible 
to one specific analyte or in cases, in which the concen- 
tration of only one analyte is to be measured or in which 
the analyte to be measured is not present in a mixture 
with other compounds that can interfere the measure- 
ment. It is also useful, when very small sensor arrange- 
ments are required. 

[0012] Especially when single nanoparticles are uti- 
lized, a microscope with sufficient spatial resolution, e. 
g. a scanning nearfield optical microscope, a confocal 
micrsocope or a scanning tunneling microscope, is used 
for detection and/or excitation. Such an arrangement 
can be used to prepare sensor arrangements with na- 
noscale spatial resolution, which can be used for ultra 
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high resolution chemical mapping. 
[0013] As mentioned above, the nanoparticles of 
each assembly within the array preferably show differ- 
ent selectivities/sensitivities, in order to receive a clear 
identification for multiple analytes with the same sensor 
[0014] For the identification of analytes within a mix- 
ture, the signal pattern obtained from the sensor array 
has to be analyzed (pattern recognition analysis) 
[0015] It is possible to widely provide nanoparticle in- 
dicators with different sensitivities and optical properties 
by choosing different nanoparticle materials or by vary- 
ing the particle compositions. Further possibilities for 
varying the properties and sensitivities of the nanopar- 
ticle indicators can be achieved by chemical surface 
modifications or by varying the particle size of the nan- 
oparticles. Therefore, a wide variety of nanoparticle in- 
dicators for selectively sensing different kinds of ana- 
lytes can be achieved. 

[001 6] In one embodiment, the nanoparticles are met- 
al and/or semiconductor nanoparticles. 
[0017] The sensitivity and/or the optical properties 
can be varied by selecting semiconductors having dif- 
ferent band gaps or by combinations of semiconductor 
materials. 

[001 8] Metal nanoparticles will preferably used for ab- 
sorption measurments. As metals, preferably Ag, Au, Pt 
and/or Pd are used. 

[0019] As semiconductor materials, preferably ll/VI 
semiconductors, as CdS, CdSe : CdTe, ZnO, ZnS ; ZnSe ; 
ZnTe, HgS, HgSe, HgTe, or lll/V semiconductors, pref- 
erably GaAs, InP, are selected. It is also possible to use 
a combination of two or more different materials, pref- 
erably CdSe/ZnS, CdSe/CdS, CdS/Cd(OH) 2 or HgS/ 
CdS core shell structures. Other materials such as 
Cd 3 P 2 may be used. 

[0020] Furthermore the at least one nanoparticle may 
be doped with Lanthanides and/or transition metals, in 
order to improve the optical and possibly the chemical 
properties. 

[0021] With the above selection of materials, the prop- 
erties of the nanoparticles can be finely tuned to adapt 
the sensor to the desired application and/or the expect- 
ed analytes to be detected. 

[0022] The optical properties of nanoparticle assem- 
blies may also be tuned by utilizing mixtures of metal 
and semiconductor nanoparticles within the sensor ar- 
rangement. 

[0023] The size of the nanoparticles is preferably less 
than 1 urn, most preferred between 100 nm and 1 nm. 
As explained above, the sensitivities and the optical 
properties of the material can be tuned not only by var- 
ying the particle composition, but also by varying the 
particle size, leading to a shift in the energy levels, or to 
a shift of the band gap in case of semiconductor mate- 
rial, in the nanoparticle indicators. 
[0024] In a preferred embodiment, the array of indica- 
tors comprises a combination of nanoparticle assem- 
blies as indicators. In each assembly the nanoparticles 



are made of different materials or have different sizes 
or different surfaces, thereby utilizing a wide variety of 
tuning possibilities for fitting the chemical sensor ar- 
rangement to the desired application and to the expect - 

5 ed analytes to be detected. 

[0025] In a further embodiment, the nanoparticle as- 
semblies have s sponge like structure. Thereby, the an- 
alyte is enabled to access the nanoparticle arrangement 
and the indicators in a better and faster way. The re- 

'0 sponsiveness of the sensor arrangement is thereby in- 
creased. 

[0026] Such a nanostructure can e.g. be provided by 
using a template-supported organization of the nano- 
particles, wherein the templates are removed after- 
*s wards. 

[0027] Preferably, nanoparticle materials are provid- 
ed, changing its photoluminescence or electrolumines- 
cence upon exposure to analytes. The change of pho- 
toluminescence or electroluminescence can be either 

20 an increasing or decreasing of intensity or a shift of 
wavelength or a combination of these. 
[0028] Instead of luminescence properties, also the 
absorption characteristics of nanoparticles can change 
upon absorption of analyte molecules. 

25 [0029] Luminescence normally changes in an amount 
that can easily be measured and detected, when the re- 
spective nanoparticles are exposed to analytes. Lumi- 
nescence of nanoparticles can be induced by irradiation 
with a light source ; preferably a UV light source, espe- 

30 cially UV/vis light, or by electrochemical charge carrier 
injection and recombination of the charge carriers within 
the particles. 

[0030] The source used to stimulate the lumines- 
cence can be applied in a constant mode or in a pulsed 
35 mode. The pulsed mode is preferred in order to prevent 
ageing of the indicators. 

[0031] When utilzing electroluminescence for signal 
transduction, the nanoparticle array of the sensor has 
to be contacted by electrodes and a voltage has to be 

*o applied to inject charge-carriers into the nanoparticles 
that recombine under emission of electroluminescence. 
Contacting has to be carried out in a geometry allowing 
the analyte to get into contact with the particles. 
[0032] Also the injection of charge -carriers can be 

45 conducted in a constant mode or a pulsed mode. 

[0033] It is to be understood that all optical character- 
istics of the nanoparticle are not limited to any specific 
radiation spectrum, but preferably UV, UV/vis and IR re- 
gions are utilized for signal transduction. 

so [0034] It is noted that in the case of electrolumines- 
cence also the current passing through the sample may 
be affected by analyte absorption. Thus, also the chang- 
es of current may be used for signal transduction. 
[0035] Preferably, the array of nanoparticle indicators 

55 are provided on at least one optical fibre. Any radiation 
or change of radiation, especially the change of photo- 
luminescence, can thereby directly be transferred to a 
detecting means for further processing. No further car- 
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rier or substrate for the nanoparticle indicators is nec- 
essary. 

[0036] Furthermore, due to the flexibility of the mate- 
rial, the sensor can easily be positioned also at locations 
normally difficult to reach, e.g. at small cavities or the 
like. 

[0037] Preferably, the nanoparticle indicators are pro- 
vided in micro-troughs that are formed on any substrate, 
preferably formed at the end of at least one optical fibre. 
Thereby an exact position of the single indicators, the 
particle assemblies, in the array is defined, ensuring a 
proper and exact detection and analysis, also of differ- 
ent analytes within a mixture. 
[0038] Furthermore, the nanoparticles are in a more 
protected position within the optical fibre. External influ- 
ences or damage to the nanoparticles are efficiently 
avoided. 

[0039] The chemical sensor arrangement preferably 
further comprises a CCD-camera for detecting a change 
of the optical properties of the nanoparticles. Such a 
CCD-camera can be connected to the optical fibre, 
achieving thereby a very simple structure of the chemi- 
cal sensor arrangement, avoiding malfunction and es- 
pecially misalignment between the single components. 
[0040] Between CCD-camera and the optical fibre, a 
microscope and/or a UV-filter may be provided. 
[0041] Instead of the fibre optics and the CCD-cam- 
era, it is possible to provide a CCD-chip, whereupon the 
nanoparticle-indicators are positioned. They may be po- 
sitioned either on the CCD-chip or on a substrate above 
the chip. Furthermore, as with the CCD-camera ar- 
rangement, a UV-filter may be provided. 
[0042] The system using the optical fibre and the 
. CCD-camera is especially useful when having to reach 
locations difficult to access, whereas the arrangement 
with a CCD-chip is preferred with stationary sensor ar- 
rangements. 

[0043] In one embodiment, the nanoparticles are 
linked to each other and/or to a substrate, preferably an 
optical fibre, by bi-functional or poly-functional ligands. 
These ligands preferably comprise one or more amino 
groups and/or one or more thiol groups. The ligands 
may further be chosen from the group comprising mer- 
captoalkylsilanes, aminoalkylsilanes, dimercapto al- 
kanes, diaminoalkanes and hydroxy- and carboxylal- 
kanes, especially dihydroxyalkanes and dicarboxylal- 
kanes. Not only alkanes, but also other bi- and poly- 
functional organic or inorganic compounds may be used 
as ligands. 

[0044] The ligands interconnecting the nanoparticles 
are basically of the same length, although it may also 
be possible to use ligands of a different length. By 
choosing and/or varying the length of the ligands, the 
size of the cavities within the nanoparticle assemblies, 
necessary for the diffusion of the analytes within the 
structure, can be varied and selected. The chemical 
sensor may therefore be suited to the desired applica- 
tion and made selective for certain analytes. Also the 



chemical nature of the linker molecules will influence the 
chemical selectivity of the nanoparticle assembly. 
[0045] In a further embodiment the nanoparticles are 
provided in a defined matrix of a gel, a polymere or a 
5 porous inorganic material. The distance between the 
nanoparticles and the cavities can also be varied and 
specified, allowing a fitting to certain analytes. Again, 
the chemical nature of the membrane will influence the 
selectivity of the nanoparticle assembly. 
w [0046] In a further embodiment, the nanoparticle as- 
semblies are covered by selective membranes. These 
membranes may act as filters, preventing certain ana- 
lytes from coming into contact with the nanoparticle in- 
dicators. Such a selection may be achieved by pores in 
'5 the membrane preventing molecules of an analyte ex- 
ceeding a specific size to penetrate. It is therefore pos- 
sible to block certain analytes, not wanted to be detect- 
ed, thereby increasing the sensitivity for other analytes. 
[0047] In order to gain chemical selectivity, the parti- 
2 o cles are in one embodiment imbedded into a matrix ob- 
tained by molecular imprint technology. The surface of 
the nanoparticles can also be chemically modified by at- 
taching functional organic molecules, e.g. alkylamines. 
With such an arrangement, the nanoparticle surface is 
25 made selective or specific for certain analytes. 

[0048] It is a further object of the present invention to 
achieve a method for providing nanoparticles of defined 
and of different sizes, especially for a chemical sensor 
arrangement as described above. 
30 [0049] This object is solved by a method according to 
claim 23, a method according to claim 25 or a method • 
according to claim 28. Claims 24, 26, 27, 29 and 30 
show preferred features of the inventive methods. 
[0050] According to a first method, a nanoparticle so- 
35 lution comprising nanoparticles of a broader size distri- 
bution is applied to chromatography beads, whereby na- 
noparticles are adsorbed on said beads and are classi- 
fied by size. The chromatography beads are normally 
provided within a chromatography column. 
*o [0051] Therefore, the nanoparticles in the same level 
of the chromatography column have essentially the 
same size, whereas there is a gradient of size between 
the subsequent levels, so that nanoparticles of a specific 
desired size can be selected. 
45 [0052] The beads of specific layer levels, comprising 
nanoparticles of essentially the same size, are separat- 
ed from the other layers and are hold in a suspension. 
[0053] Therefore, a number of suspensions, each 
comprising nanoparticles of essentially the same size, 
50 but all suspensions having nanoparticles of different siz- 
es, can be provided. The suspensions with the nanopar- 
ticles, adsorbed to the chromatography beads, can then 
be used for the inventive chemical sensor arrangement 
as explained above, especially can be applied to a sub- 
55 strate or the optical fibre or to the respective micro- 
troughs therein. 

[0054] Preferably, the chromatography beads are sil- 
ica-beads, AI2O3 or Sephadex-beads (Sephadex is a 
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registered trademark). 

[0055] According to a second method, the nanoparti- 
cles are classified by means of a thin-layer-chromatog- 
raphy. In this case, the nanoparticles will be distributed 
over a thin-layer-chromatography plate, having essen- 
tially the same size in one level, but showing a size gra- 
dient in different levels at the thin-layer-chromatography 
plate. 

[0056] The nanoparticles having the desired size can 
be separated from the thin-layer-chromatography plate, 
preferably level by level, and can be applied to the 
above-described chemical sensor arrangement. 
[0057] It is further possible to take a piece of the thin- 
layer-chromatography plate together with the classified 
nanoparticles disposed thereon, whereby the size gra- 
dient of the nanoparticles is maintained within this piece. 
The piece of the plate can then be preferably combined 
with a sensor arrangement, especially with a CCD-chip 
of the above described inventive chemical sensor ar- 
rangement. Each level can now be considered as a na- 
noparticle assembly forming the sensor array. 
[0058] According to a third method, the nanoparticles 
are classified by means of electrophoresis, preferably 
by means of gel-electrophoresis. Again, the nanoparti- 
cles will be classified depending on the size within the 
gel. A slice of the gel comprising the classified nanopar- 
ticles and therefore comprising a size gradient in one 
direction, can be taken from the gel. Such a slice can 
be preferably combined with a CCD-chip of the inventive 
sensor. Again each level of the slice forms a nanoparti- 
cle assembly of the sensor array. 
[0059] Preferably, the slice has a thickness of less 
than 1 mm, preferably less than 0,1 mm. 
[0060] With the above described methods, the sizes 
of the nanoparticles can be exactly defined and applied 
to the chemical sensor arrangement of the present in- 
vention. The size distribution of the nanoparticles is 
therefore exactly defined within the sensor arrangement 
and ensures reliable measurements and analysis. 
[0061] The size fractionation of nanoparticles can al- 
so be performed by size selective precipitation. After 
size fractionation, samples with different particle sizes 
are used to build up the sensor array, as described 
above. 

[0062] By defining a standard manufacturing proce- 
dure, especially according to one of the above described 
methods, it is further easily possible to manufacture 
comparable chemical sensor arrangements, showing 
always the same properties. An adjustment or verifica- 
tion of each sensor arrangement prior to use might 
therefore be omitted, although of course is always rec- 
ommended. 

[0063] Further features and advantages of the 
present invention will be apparent from the description 
of a specific embodiment in connection of the drawings, 
wherein 

Figure 1 schematically shows a measurement sys- 



tem comprising an embodiment of the in- 
ventive chemical sensor arrangement, and 

Figure 2 schematically shows the nature of the na- 
5 noparticle structure within a micro-trough 

according to an embodiment of the present 
invention. 

[0064] In figure 1, an embodiment of the inventive 
'0 chemical sensor arrangement 1 is shown. Semiconduc- 
tor nanoparticles 5 forming nanoparticle assemblies 8 
are provided in micro-troughs 1 0, formed into the sur- 
face of an optical fibre 20. Here an array 9 of nanopar- 
ticle assemblies 8 is provided, wherein in different mi- 
is cro-troughs 10 nanoparticle assemblies 8 of different 
materials are provided. 

[0065] The nanoparticles 5, forming the assemblies 
8, have sizes between 1 and 100 nm and are distributed 
in micro troughs 10 depending on their size, wherein the 

20 micro-troughs have a diameter of approximately 5 nm. 
Within each micro trough 10 the nanoparticles 5 have 
essentially the same size and are within a range of ± 1 0 
% with respect to the desired and/or average size in the 
respective trough 10. 

25 [0066] Any radiation or change of radiation due to a 
change of the optical properties of the nanoparticle in- 
dicators 5, caused by an analyte to be detected, is di- 
rectly transferred by an optical fibre 20 to a CCD-camera 
30. Between fibre optic 20 and CCD-camera 30 a mi- 

30 croscope 40 and a UV-filter 50 is provided. 

[0067] The information detected by the CCD-camera 
30 is transferred to a computer or analysis unit 60 and 
is analysed. Because of the array arrangement of this 
embodiment, analytes or compositions of analytes to be 

35 detected show a specific "reaction pattern", i.e. different 
optical reactions of each kind of nanoparticles in the re- 
spective micro troughs. Thereby a wide range of ana- 
lytes can be detected with this sensor arrangement. 
[0068] Figure 2 schematically shows a cross-section- 

40 a l view through a micro-trough 10 in the surface of an 
optical fibre 20. 

[0069] The micro-trough 10 is filled with a nanoparti- 
cle assembly 8 comprising nanoparticles 5, adsorbed to 
a gel bead 7, wherein the gel bead 7 is only indicated in 

45 this figure. The particles 5 are linked to the surface of 
the micro-trough 10 and linked to one another by poly- 
functional ligands 6, comprising amino groups. 
[0070] The ligands 6, shown here, have all essentially 
the same lengths, but it is also possible to provide lig- 

50 ands 6 with different lengths in order to tune the nano- 
particle indicators 5 to suit to the desired application and 
the analytes to be expected. 

[0071] Only for completion, it should be again noticed 
that the nanoparticles 5 can also be embedded in a ma- 
ss trix (not shown), wherein the distance between the na- 
noparticles and the pore size can also be selected in 
order to suit to a specific application and to specific an- 
alytes. 
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[0072] The features of the present invention disclosed 
in the specification, the claims and/or in the accompa- 
nying drawings, may, both separately and in any com- 
bination thereof, be material for realizing the invention 
in various forms thereof. 



Claims 

1 . Chemical sensor arrangement comprising an ana- 
lyte sensitive indicator, 

characterized in that 

the analyte sensitive indicator comprises at least 
one nanoparticle (5). 

2. Chemical sensor arrangement according to claim 
1, characterized in that it further comprises means 
for detecting optical properties of the indicator and/ 
or changes thereof and/or means for detecting cur- 
rent flow passing through the indicator and/or 
changes thereof. 

3. Chemical sensor arrangement according to claim 1 
or 2, characterized in that an assembly of multiple 
nanoparticles (5) and/or an array (9) of nanoparticle 
assemblies (8), is provided, the different assem- 
blies (8) preferably comprising different kinds of na- 
noparticles (5). 

4. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that nano- 
particles (5) showing different sensitivities, selectiv- 
ities and/or optical properties are provided. 

5. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that the at 
least one nanoparticle (5) is a metal, preferably Ag, 
Au, Pt, Pd and/or a semiconductor nanoparticle. 

6. Chemical sensor arrangement according to claim 
5, characterized in that multiple semiconductor na- 
noparticles (5) are provides having different band 
gaps and/or energy levels. 



8. 



tide is a combination of two or more different mate- 
rials, preferably CdSe/ZnS, CdSe/CdS, CdS/Cd 
(OH) 2 or HgS/CdS core/shell structures. 

s 1 0. Chemical sensor arrangement according to claim 5 
to 9, characterized in that the at least one nanopar- 
ticle is doped with Lanthanides and/or transition 
metals. 

*0 11. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that the size 
of the at least one nanoparticle (5) is smaller than 
1 ^m, preferably between 100 nm and 1 nm. 

12. Chemical sensor arrangement according to one of 
the claims 3 to 1 1 , characterized in that the array of 
nanoparticle assemblies (8) combines nanoparti- 
cles (5) of different materials and/or different sizes, 
preferably separated in different assemblies (8). 
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Chemical sensor arrangement according to claim 5 45 
or 6, characterized in that the semiconductor mate- 
rial is selected from a group comprising ll/VI semi- 
conductors, preferably CdS, CdSe, CdTe, ZnO, 
ZnS, ZnSe, ZnTe, HgS, HgSe, HgTe, or other sem- 
iconductors, as Cd 3 P 2 . 50 

Chemical sensor arrangement according to claim 5 
to 7, characterized in that the semiconductor mate- 
rial is selected from a group comprising MIA/ semi- 
conductors, preferably GaAs : InR 55 

Chemical sensor arrangement according to claim 5 
to 8, characterized in that the at least one nanopar- 



13. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that multiple 
nanoparticles (5) are provided and form a sponge 
like assembly (8). 

14. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that at least 
one nanoparticle (5) is provided, wherein the inten- 
sity of the photoluminescence or electrolumines- 
cence of the nanoparticle (5) decreases or increas- 
es and/or a shift of photoluminescence or electro- 
luminescence wavelength occurs upon exposure of 
the nanoparticle (5) to an analyte. 

15. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that the at 
least one nanoparticle (5) is provided on at least one 
optical fibre (20). 

16. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that the at 
least one nanoparticle (5) is provided in at least one 
micro-trough (10), preferably within the at least one 
optical fibre (20). 

17. Chemical sensor arrangement according to one of 
the claims 2 to 16, characterized in that the means 
for detecting optical properties of the indicator com- 
prises a CCD-camera (30). 

18. Chemical sensor arrangement according to one of 
the claims 2 to 16, characterized in that the means 
for detecting optical properties of the indicator com- 
prises a CCD-chip and that the at least one nano- 
particle (5) is provided on said CCD-chip. 

19. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that multiple 
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nanoparticles (5) forming an assembly (8) are pro- 
vided, which are at least partially linked to each oth- 
er and/or to a substrate, preferably an optical fibre 
(20), preferably by bi-functional or poly-functional 
ligands (6). 

20. Chemical sensor arrangement according to the 
claims 1 to 18, characterized in that the at least one 
nanoparticle (5) is provided in a defined matrix of a 
gel, a polymere or a porous inorganic material. 

21. Chemical sensor arrangement according to one of 
the preceding claims, characterized in that the at 
least one nanoparticle is covered by a selective 
membrane or is embedded into a matrix, preferably 
obtained by molecular imprint technology 

22. Chemical sensor arrangement according to claim 
21, characterized in that the membrane or the ma- 
trix comprises pores for selecting analytes depend- 
ing on its molecular size or polarity. 



different sizes, especially for a chemical sensor ar- 
rangement according to one of the claims 1 to 22, 
characterized in that 

the nanoparticles (5) are classified by means of 
electrophoresis, preferably gel-electrophoresis. 

29. Method according to claim 28, characterized in that 
a slice of the gel comprising nanoparticles (5), 
wherein these nanoparticles (5) have a size-gradi- 
ent in one direction of the slice, is combined with a 
CCD-chip. 

30. Method according to claim 28, characterized in that 
the slice has a thickness smaller than 1 mm, pref- 
erably smaller than 0,1 mm. 
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20 



23. Method for providing nanoparticles of defined and 
different sizes, especially for a chemical sensor ar- 
rangement according to one of the preceding 25 
claims, 

characterized in that 



a nanoparticle solution, comprising nanoparti- 
cles (5) of a broad size distribution, is applied 30 
to chromatography beads, whereby the nano- 
particles (5) are adsorbed onto said beads and 
classified by size and 

beads of a specific layer, comprising nanopar- 
ticles (5) of essentially the same size, are sep- 35 
arated from the beads within other layers and 
are hold in suspension. 

24. Method according to claim 23, wherein the beads 
are silica-beads or sephadex-beads. 40 



25. Method for providing nanoparticles of defined and 
different sizes, especially for a chemical sensor ar- 
rangement according to one of the claims 1 to 22, 
characterized in that 45 
nanoparticles (5) are classified by means of a thin- 
layer-chromatography. 

26. Method according to claim 25, characterized in that 

the nanoparticles (5) are separated from a thin-lay- so 
er chromatography plate. 

27. Method according to claim 25, characterized in that 
a piece of the thin-layer chromatography plate to- 
gether with the classified nanoparticles (5) is. com- ss 
bined with a CCD-chip. 

28. Method for providing nanoparticles of defined and 
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